Introduction
Induction of several biological activities critical for development and maintenance of normal cellular functions such as proliferation, motility, survival, and dierentiation are mediated by protein growth factors and their associated receptor tyrosine kinases. The Met receptor tyrosine kinase (RTK) was discovered as an activated oncogene (Cooper et al., 1984; Park et al., 1986) . The growth factor that binds and activates Met is commonly named HGF/SF as it was identi®ed independently as both a growth factor for hepatocytes (HGF) and a ®broblast-derived cell motility factor, scatter factor (SF) (Bottaro et al., 1991; Nakamura et al., 1984; Stoker and Perryman, 1985) . Consistent with the idea that this receptor-growth factor pair can induce dierent cellular responses depending on the cellular context, activation of Met by HGF/SF in vitro leads to increased hepatocyte, renal tubule cell, and endothelial cell proliferation (Bussolino et al., 1992; Kan et al., 1991) , stimulation of both cell dissociation and motility (`scattering') (Rosen et al., 1990) , and stimulation of cell movement through the extracellular matrix (`invasion') (Jeers et al., 1996c; Rong et al., 1994; Weidner et al., 1990) . In addition, HGF/SF-Met signaling can induce several dierent epithelial and mesenchymal cell types to undergo an involved dierentiation program termed branching morphogenesis when the cells are grown in a three dimensional matrix (Brinkmann et al., 1995; Jeers et al., 1996c; Montesano et al., 1991a; Niemann et al., 1998) . During branching morphogenesis, groups of cells proliferate, migrate, and dierentiate to form a connected series of tubules arranged like branches from a tree. However, even in the absense of a three dimensional matrix, signaling through the Met receptor can induce morphogenesis and lumen formation in certain cell types (Jeers et al., 1996a; Tsarfaty et al., 1992) .
In vivo, Met expression is predominately found in cells of epithelial origin while HGF/SF expression is usually restricted to ®broblasts and stromal cells in the surrounding mesenchyme (Sonnenberg et al., 1993) . Several aspects of organogenesis such as tissue growth and morphogenic dierentiation are regulated by interactions between the organ epithelia and the surrounding mesenchyme. As such, paracrine signaling between HGF/SF and Met is believed play an important role in regulating these epithelial-mesenchyme interactions (Tsarfaty et al., 1994) . In vivo, Met and HGF/SF likely play a key role in regulating many aspects of embryonic development including kidney and mammary gland formation (Santos et al., 1994; Soriano et al., 1995; Woolf et al., 1995; Yang et al., 1995) , migration/development of muscle and neuronal precursors (Bladt et al., 1995; Streit et al., 1995) , and liver and placenta organogenesis (Schmidt et al., 1995; Uehara et al., 1995) . HGF/SF-Met signaling also promotes angiogenesis (Bussolino et al., 1992; Grant et al., 1993) and has been described to facilitate wound healing (Nusrat et al., 1994) and tissue regeneration (Matsumoto and Nakamura, 1993) .
While normal HGF/SF-Met signaling is involved in many aspects of embryogenesis, abnormal HGF/SFMet signaling has been implicated in both tumor development and progression (Jeers et al., 1996d) . In particular, HGF/SF-Met signaling was shown to play a signi®cant role in promoting tumor cell invasion and metastasis . Recently, Met mutations have been identi®ed in patients with papillary renal carcinoma, metastatic head and neck squamous cell carcinomas, and isolated cases of ovarian cancer and early-onset hepatocellular carcinoma (Schmidt et al., , 1998 Olivero et al., 1999; Di Renzo et al., 2000; Tanyi et al., 1999; Park et al., 1999) . Point mutations within Met, primarily mutations within the activation loop of the tyrosine kinase domain, can lead to constitutive Met activation. Constitutive Met activation can also arise from inappropriate expression of HGF/SF in cells that have already expression Met (or vice-versa) forming an autocrine stimulatory loop (Bellusci et al., 1994; Jeers et al., 1996b; Rahimi et al., 1998; Rong et al., 1992 Rong et al., , 1994 . Cell lines generated that express mutated Met receptors that mimic those found in human cancers or cell lines that express both Met and HGF/SF form tumors that are both highly invasive and metastatic (Jeers et al., 1997 Rong et al., 1992 Rong et al., , 1994 . Additionally, several groups have reported that Met and/or HGF/SF expression is increased in a variety of human tumors and often is associated with high tumor grade and poor prognosis (reviewed in Jeers et al., 1996d) . Met likely activates similar signal transduction pathways to promote invasive growth both during embryonic development and tumor progression. Therefore, insights into the signaling requirements for either one of these events will likely be applicable to both. As it is now well established that receptor tyrosine kinases stimulate various signal transduction pathways by organizing large signaling complexes proximal to the receptor following growth factor stimulation, this review will focus on some of the critical components of the Met signaling complex(s) and how these components are recruited to the activated receptor.
c-Met and related RTKs
The Met tyrosine kinase is the prototypic member of a small subfamily of RTKs that can induce proliferation, cell movement, and morphogenic dierentiation in several dierent cell types (Brinkmann et al., 1995; Jeers et al., 1996b,c; Medico et al., 1996; Montesano et al., 1991b; Santoro et al., 1996) . The growth factors that bind and activate members of the Met receptor subfamily are sometimes called plasminogen-related growth factors (PRGFs) since they all are large proteins (*100 kD) that have a domain structure similar to the blood protease plasminogen (Gherardi et al., 1997) . HGF/SF is the prototypic PRGF and is sometimes referred to as PRGF-1. Similar to the production of active plasminogen, biologically active HGF/SF results from cleavage of a single chain HGF/ SF precursor (proHGF) by the urokinase protease or other proteases to produce a mature, disul®de-linked, a-b heterodimer (Figure 2) (Nakamura et al., 1987; Naldini et al., 1992; Shimomura et al., 1992 Shimomura et al., , 1995 . However unlike plasminogen, HGF/SF and its relatives lack two active site residues that are critical for proteolysis and have no detectable protease activity (Rosen et al., 1990) .
Other members of the Met subfamily include the mammalian ron and the avian sea receptors Ronsin et al., 1993) . The ligand for Ron is macrophage stimulating protein (MSP) and a chicken homolog of MSP (chMSP) has recently been identi®ed as a ligand for Sea Wahl et al., 1999) . Analogous to HGF/SF-Met signaling, stimulation of Ron with MSP or stimulation of a chimeric Trk-Sea receptor with nerve growth factor can induce mitogenic responses and stimulate cell motility and invasive growth in epithelial cells suggesting that members of the Met receptor subfamily have a conserved biological function (Medico et al., 1996; Santoro et al., 1996) . Interestingly, while met homologs have been found in several vertebrates including mice (Chan et al., 1988) , rat (Wallenius et al., 1997) , chickens , frogs (Aberger et al., 1997; Aoki et al., 1996) and puer ®sh (Cottage et al., 1999) , met family members are notably absent from the genomes of the worm Caenorhabditis elegans and the fruit¯y Drosophila melanogaster ( (Rubin et al., 2000) and K Furge and G Vande Woude, unpublished observations). The absence of Met homologs in worms and¯ies curtails using these powerful genetic systems to examine HGF/SF-Met signaling. Whether this absence indicates Met and its related receptor tyrosine kinases are exclusive to vertebrates awaits the sequencing eorts from additional species.
Met signal transduction
Met was originally identi®ed following the isolation of a transforming cDNA fragment from a chemically treated human osteosarcoma cell line (Cooper et al., 1984; Park et al., 1986) . In these cells, a chromosome rearrangement fused a region of chromosome 1 called tpr (for translocated promoter region) encoding a leucine-zipper dimerization motif with the C-terminal tyrosine kinase domain of met found on chromosome 7 (Dean et al., 1987; Rodrigues and Park, 1993) . The resulting oncoprotein, Tpr-Met, has high constitutive tyrosine kinase activity and can potently transform cells in vitro. Isolation of the tpr-met cDNA led to the identi®cation of the full-length met receptor . In wild-type cells, the primary met transcript produces a 150 kD polypeptide that undergoes partial glycosylation to produce a 170 kD precursor protein (Faletto et al., 1992; Gonzatti-Haces et al., 1986) . p170
Met is further glycosylated and cleaved into a 50 kD a-chain and a 140 kD b-chain. The a-subunit of the mature, di-sul®de linked, a-b Met heterodimer is highly glycosylated and entirely extracellular while the b-subunit contains a large extracellular region, a membrane spanning segment, and an intracellular tyrosine kinase domain ( Figure 2 ) (Chan et al., 1988; Giordano et al., 1989; Park et al., 1987) . Activation of signal transduction pathways in response to HGF/SF stimulation is mediated in part by autophosphorylation of speci®c tyrosine residues within intracellular region of Met. Phosphorylation of two tyrosines (Tyr 1234 and Tyr 1235 ) located within the activation loop of the tyrosine kinase domain activate the intrinsic kinase activity of the receptor (Naldini et al., 1991; Rodrigues and Park, 1994) while phosphorylation of two tyrosine residues (Tyr  1349 and Tyr   1356 ) in a cluster of amino acids in the C-terminus of Met activates a multisubstrate docking site that is conserved among Met family members (Ponzetto et al., 1994 (Pelicci et al., 1995; Ponzetto et al., 1994; Weidner et al., 1996) . Chimeric receptors that contain this amino-acid sequence can induce mitogenic, motogenic, and morphogenic responses similar to those observed with the wild-type Met receptor suggesting the multisubstrate binding site is primarily responsible for Met-mediated signal transduction (Komada and Kitamura, 1993; Weidner et al., 1993; Zhu et al., 1994) .
Components of the signaling complex that are recruited to activated Met include the adapter proteins Grb2 (Ponzetto et al., 1994) , SHC (Pelicci et al., 1995) , Gab1 (Weidner et al., 1996) , and Crk/CRKL (GarciaGuzman et al., 1999; Sakkab et al., 2000) along with several other well established signal transducers including phosphotidylinsitol-3-OH kinase (PI3K) (Graziani et al., 1991) , the signal transducer and activator of transcription-3 (Stat3) (Boccaccio et al., 1998) , phospholipase C-g (PLC-g) (Ponzetto et al., 1994) , the Ras guanine nucleotide exchange factor sonof-sevenless (SOS) (Graziani et al., 1993) , the Src kinase (Ponzetto et al., 1994) , and the SHP2 phosphotase (Fixman et al., 1996) . Mutational analysis of the multisubstrate docking site suggest that together Y1349 and Y1356 mediate the interactions with SHC, Src, and Gab1 while Y1356 is primarily responsible for recruitment of Grb2, PI3K, PLC-g, and SHP2 to the Met signaling complex (vide infra).
Grb2/SHC and Ras-MAPK signaling
The adapter protein Grb2 consists of an SH2 domain sandwiched between two SH3 domains ( Figure 1 ) and is well known for recruiting SOS to activated RTKs to induce Ras-MAP-kinase signaling (Schlessinger, 1993) . In mouse Met, the amino-acids surrounding phosphorylated Y1356 (pY 1356 VNV) form a consensus SH2 binding site for Grb2 (pYXN) (Songyang et al., 1994) and several groups have shown that Grb2 can associate with the activated receptor (Fixman et al., 1995 Ponzetto et al., 1994; Tulasne et al., 1999) . Mutations in Met adjacent to the upstream tyrosine Y1349 do not seem to signi®cantly aect Grb2 binding; however, mutations of Y1356 or N1358 disrupt the Met-Grb2 interaction (Ponzetto et al., 1994; Fixman et al., 1996) . It is worth noting that while the Y1356F mutation in Met disrupts association of several signal transducers (Grb2, PI3K, PLC-g, and SHP2), the N1358H mutation seems to speci®cally disrupt the Met-Grb2 association (Fixman et al., 1996) . Grb2, in addition to a direct interaction with activated Met, may also be recruited to Met indirectly via the SHC adapter protein (Figure 1 ). The PTB of SHC can associate with the Met receptor via phosphotyrosines Y1349 and Y1356 (Pelicci et al., 1995) . Subsequent to Met activation, SHC is tyrosine phosphorylated and forms a Grb2 binding site (pY 317 VNV) that is similar to the Grb2 binding site of Met (pY 1356 VNV) (Pelicci et al., 1995) . Therefore, activation of the Ras pathway in response to HGF/SF-Met stimulation may be the result of a SHC-Grb2-Sos interaction.
While the Grb2-Sos/SHC-Grb2-Sos models of Ras activation are well established in other RTK systems, it is not completely clear whether the (Met/Met-SHC)-Grb2-Sos complex(s) plays an identical role in activating the Ras-MAP kinase pathway following HGF/SF stimulation. In Madin-Darby canine kidney (MDCK) cells, scattering is likely dependent on Ras signaling as overexpression of dominant-negative Ras mutants can disrupt this process (Hartmann et al., 1994) . A chimeric CSF-1-Met receptor mutant (N1358H) that has a disrupted Met-Grb2 interaction still can induce scattering (Fournier et al., 1996; Royal et al., 1997) . Overexpression of SHC, but not SHC mutants that are no longer able to bind Grb2, enhances HGF/SF mediated proliferation and cell migration consistent with the recruitment of a SHCGrb2-SOS complex to activated Met (Pelicci et al., 1995) . In addition, selective inhibitors of the Grb2 SH2 domain that likely disrupt both Met-Grb2 and SHCGrb2 interactions can inhibit Met mediated Ras activation and cell migration (Gay et al., 1999) . All of this data support a role of a SHC-Grb2-SOS in Ras activation. In contrast, Trk-Met chimeric receptors that have both Y1349F and Y1356F mutations and no longer bind either Grb2 or SHC can still induce Rasdependent phosphorylation of the downstream kinases ERK1 and ERK2, generate transcriptional responses, and induce some cell scattering (Tulasne et al., 1999; Weidner et al., 1995) . Also, activation of the Ras-MAP pathway by Tpr-Met is not blocked by dominantnegative Grb2 mutants that should disrupt either MetGrb2 or SHC-Grb2 interactions (Rodrigues et al., 1997) . While chimeric receptors and Tpr-Met do not signal exactly as their wild-type counterparts , it nevertheless raises the possibility that either only residual amounts of Met activity can induce Ras-MAPK activation or Ras activation can occur independent of a (Met/Met-SHC)-Grb2-Sos complex.
Met and the large docking protein Gab1
While signi®cant eort has focused on Grb2 and the Ras-MAPK pathway, recently Grb2 has also been implicated in recruiting the large adapter protein Gab1 to the Met signaling complex. As its name implies, Gab1 (Grb2-associated binding protein-1) was identi®ed as a protein produced from a glial tumor expression cDNA library that could bind Grb2 (Holgado-Madruga et al., 1996) . Gab1 is a member of a family of adapter proteins that have similarity to the insulin receptor substrate-1 (reviewed in White, 1998) and contains an N-terminal pleckstrin homology (PH) domain that binds the membrane lipid phosphatidylinositol 3,4,5-trisphosphate (PIP3), a central region that contains sixteen potential tyrosine phosphorylation sites that other signal transduction proteins can bind, and a C-terminal proline-rich MBD domain (Figure 1 ) (Holgado-Madruga et al., 1996; Maroun et al., 1999b; Rodrigues et al., 2000; Weidner et al., 1996) . While the MBD domain within Gab1 can mediate a direct interaction with the multisubstrate binding site Figure 1 Domain architecture of adapter proteins that associate with the Met receptor. Depicted are schematic representations of several important adapter proteins that are part of the Met signaling complex. The numbers beneath Gab1 refer to tyrosine amino acid residues present within potential Crk/CRKL binding sites of Met, within the MDB domain are two optimal sites for binding the SH3 domains of Grb2 suggesting Gab1 may also bind Met indirectly via a Grb2 linkage Weidner et al., 1996) . Met mutants that contain both Y1349 and Y1356 mutations are unable to associate with Gab1 while Met Y1356F mutants, in which Grb2 binding is eliminated, show signi®cantly decreased, but not complete loss of, MetGab1 association (Bardelli et al., 1997; Maroun et al., 1999a; Nguyen et al., 1997) . Therefore, while Gab1 may prefer to bind Met via a Grb2 linkage, the ability of Gab1 to bind Met both directly using Y1349 and indirectly via a Grb2 linkage at Y1356 may allow for both a more speci®c and a higher anity interaction (Figure 2) . Regardless of the exact nature of the interaction between Gab1 and Met, following HGF/SF stimulation Gab1 becomes strongly tyrosine phosphorylated and overexpression of Gab1 is sucient to induce branching morphogenesis at least in some cell types suggesting that Gab1 and the signal transducers that it recruits to the Met signaling complex are major eectors of Met signaling (Bardelli et al., 1997; Nguyen et al., 1997; Niemann et al., 1998; Weidner et al., 1996) .
A number of growth factors including HGF/SF, EGF, NGF, insulin, and various cytokines can induce Gab1 tyrosine phosphorylation and its direct association with several signal transducers including PI3K, PLC-g, and the SHP2 phosphatase (Bardelli et al., 1997; Holgado-Madruga et al., 1996; Weidner et al., 1996; Nishida et al., 1999) . One reasonable hypothesis is that following stimulation by each of these factors, Gab1 becomes uniquely phosphorylated and recruits distinct sets of signal transducers to induce dierent cellular responses (i.e. branching morphogenesis by HGF/SF stimulation vs proliferation by EGF stimulation). However, phosphopeptide maps of Gab1 following stimulation by either EGF or HGF are virtually identical suggesting mechanisms other than dierential phosphorylation contribute to HGF/SF mediated branching morphogenesis (Gual et al., 2000) . The one signi®cant dierence between EGF and HGF/SF induced Gab1 phosphorylation is the duration in which Gab1 remains phosphorylated following growth factor addition. In HGF/SF stimulated cells, Gab1 remains phosphorylated approximately three to four times longer then EGF stimulated cells (Gual et al., 2000; Maroun et al., 1999a) . Sustained activation of signal transduction pathways is one way to regulate dierential signaling responses and may be a major mechanism that mediates HGF/SF induced branching morphogenesis (Marshall, 1995) .
Some insight has been gained as to which Gab1 signaling pathways may require sustained activation for HGF/SF-Met mediated branching/invasive growth. As mentioned earlier, Gab1 binds PI3K, PLC-g, and the SHP2 phosphatase. A triple mutation in Gab1 (Y307F,Y373F,Y407F) that disrupts the Gab1-PLC-g interaction also blocks HGF/SF induced branching when overexpressed, implicating PLC-g in this process. However, as selective inhibitors of PLC-g only partially reduce Gab1 mediated branching, this particular Gab1 mutant may disrupt interactions with other signal transducers in addition to PLC-g that are important for invasive growth (Gual et al., 2000) . Also, while PLC-g has been reported to weakly bind Met directly (Ponzetto et al., 1994) , the association of PLC-g with Gab1 combined with the disruption of branching morphogenesis by Gab1-PLC-g mutants, suggests that PLC-g may prefer to associate with the Met signaling complex via the Gab1 adapter (Figure 2) . PI3K also may play a signi®cant role in Gab1 mediated signal transduction as inhibitors of PI3K activity (wortmannin and LY294002) prevent Gab1 mediated branching and Gab1 mutants that are unable to bind PI3K have a diminished ability to induce branching (Royal and Park, 1995; Niemann et al., 1998; Maroun et al., 1999b) . While the p85 regulatory subunit of PI3K can associate directly with Met via the multisubstrate binding site (Ponzetto et al., 1994) , more PI3K activity co-precipitates with Gab1 than coprecipitates with Met suggesting PI3K, like PLC-g, associates primarily with Gab1 (Bardelli et al., 1997; Maroun et al., 1999a) . Supporting a requirement of PI3K in Gab1 mediated signaling, Gab1 PH domain mutants that have reduced anity for PIP3 are impaired in inducing branching morphogenesis and do not localize properly to the membrane (Maroun et al., 1999a,b) . Relocation to the membrane (and subsequent cell branching) is also disrupted by inhibitors of PI3K demonstrating that while PI3K binds Gab1 following Met activation, PI3K is required for eective Gab1 signaling (Figure 2 ). This situation sets up a positive feedback loop between Gab1 and PI3K that is important for regulating Gab1 signaling and branching morphogenesis (Maroun et al., 1999a,b; Rodrigues et al., 2000) .
The Crk family of adapters
Gab1, in addition to binding SHP2, PI3K, and PLC-g, contains multiple Tyr-X-X-Pro (YXXP) sequences that represent potential Crk family member SH2 binding sites (Figure 1) (Knudsen et al., 1995) . The Crk family of adapter proteins are homologs of the v-Crk oncogene that induces sarcomas in chickens (Mayer et al., 1988) and are composed primarily of SH2 and SH3 domain(s) (Figure 1 ). Crk family members have been implicated in number of signal transduction events including neuronal dierentiation of PC12 cells, T-cell receptor signaling, intergrin signaling, and signal transduction of the CML-causing Bcr-Abl oncoprotein (reviewed in Feller et al., 1998) . Crk signaling has also been implicated in regulating cell migration and protecting cells from apoptosis during invasive growth (Cho and Klemke, 2000; Feller et al., 1998) . As predicted by sequence analysis, both Crk and the related Crk-like (CRKL) proteins bind to phosphorylated Gab1 and add an new array of signal transducers that become activated upon HGF/SF stimulation (Garcia-Guzman et al., 1999; Sakkab et al., 2000) . The SH3 domain of Crk family members binds to proline rich regions found in C3G, a guanine nucleotide exchange factor that activates the Rassuperfamily GTPase Rap1 (Gotoh et al., 1995) . Crk family members also bind Dock180 which in turn binds and activates, via an unde®ned mechanism, the Rac GTPase (Kiyokawa et al., 1998) . In response to HGF/ SF, Met activates both Rap1 (Sakkab et al., 2000) and Rac Royal et al., 2000) . While the functions of the signals emanating from Rap1 have not been identi®ed, the involvment of Rac in cell spreading, dissociation, and migration following HGF/SF stimulation is well characterized (Hall, 1998; .
Other downstream eectors of Crk include the c-Jun N-terminal kinase (JNK). Activation of Met either by HGF/SF stimulation or by expression of the constitutively active Tpr-Met oncoprotein leads to JNK activation and has been implicated in cellular transformation (Garcia-Guzman et al., 1999; Rodrigues et al., 1997) . Crk is likely a mediator of JNK activation since (i) HGF/SF-Met mediated activation of JNK can be blocked by expression of loss-of-function mutants of Crk and (ii) Crk mediates JNK activation in response to other stimuli such as epidermal growth factor receptor or intergin receptor signaling (Dol® et al., 1998; Garcia-Guzman et al., 1999) . Crk family members can signal through Rac to activate JNK and dominant-negative forms of Rac block Met mediated JNK activation raising the possibility of a Met-Gab1-Crk-Rac-JNK signaling pathway (Feller et al., 1998; Rodrigues et al., 1997) . Interestingly, the Gab1 triple mutant that has impaired PLC-g binding also contains a mutated Crk family binding site (Y307, Figure 1 ) (Gual et al., 2000) . As overexpression of this Gab1 mutant completely disrupts Met mediated branching while PLC-g inhibitors only partially disrupt branching morphogenesis, it is possible that signaling pathways downstream of Crk may be involved in branching. Thus far, Crk has only been shown to bind Gab1 in response to Met activation as opposed to activation of other tyrosine kinases. Whether this is a unique event in HGF/SF-Met signal transduction and whether this event is involved in branching morphogenesis and/or tumor cell invasiveness remains to be determined.
Src and Stat3
Two other important signal transducers, the Src kinase and the Stat3 transcription factor, also associate with Met following receptor activation (Ponzetto et al., 1994; Rahimi et al., 1998; Boccaccio et al., 1998) . Src can associate directly with Met using Y1349 and Y1356 and, similar to other receptor systems, Src activation is important for HGF/SF-Met mediated cell migration and cell transformation (Ponzetto et al., 1994; Rahimi et al., 1998) . Activated Met also recruits the Stat3 transcription factor. While Stat3 can bind directly to Met, a small amount of Stat3 co-precipitates with Gab1 (Boccaccio et al., 1998) . When activated by tyrosine phosphorylation, STATs migrate to the nucleus where they promote cell proliferation and survival by regulating gene transcription (Bowman et al., 2000) . In response to HGF/SF-Met stimulation, Stat3 activation and subsequent nuclear translocation/ gene transcription is required for branching morphogenesis (Boccaccio et al., 1998) . Interestingly, while Stat3 can be phosphorylated by RTKs (including by Met in vitro), Stat3 can also be activated by Src family kinases and dominant-negative mutants of Stat3 can block v-Src induced cellular transformation (Bromberg et al., 1998; Turkson et al., 1998; Bowman et al., 2000) .
Conclusions
While the importance of the multidocking site in Met mediated proliferation, cell movement/invasion, and branching morphogenesis has been appreciated for several years, only recently have more complete models been developed for how this site organizes a signaling complex following HGF/SF stimulation. Disruption of the signaling complex by either mutating tyrosines Y1349 and Y1356 or introducting peptide mimetics of the C-terminal end of Met leads to loss of cell invasion, transformation, and branching morphogenesis Bardelli et al., 1999) . Adapter proteins play a critical role in assembling signal complexes, not only by recruiting additional signal transducers, but also by recruiting other adapter proteins. While this interplay may lead to essential cross-talk between receptor signaling pathways, it also has made isolation of critical pathways that are responsive to HGF/SF-Met signaling more dicult. For example, mutations in Gab1 (such as those that involved in PLC-g binding) may also eect Crk mediated signal transduction and Met mutations, such as Y1356, disrupt at least in part the binding of the adapters Grb2, Gab1,and SHC. Disruption of these adapters in turn can aect PI3K, PLC-g, Rap1, Rac, and Ras signaling (Figure 2 ). Even more selective mutations such as the N1358H mutation, in which Grb2 binding is selectively lost still may lead to subtle perturbations in many of these pathways do to the multiplicity of the interactions. However, careful examination of signaling pathways invoked by these mutant receptors coupled with the use of dominant negative proteins and selective small molecule inhibitors suggest that cell motility is dependent on at least Ras-MAPK activation (Hartmann et al., 1994) , cytoskeletal remodeling mediated by the Rac, Rho, and Cdc42 GTPases Royal et al., 2000) , Src kinase (Rahimi et al., 1998) and PI3K (Royal et al., 1995) . Induction of invasion/branching morphogenesis likely requires these pathways in addition to PLC-g (Gual et al., 2000) and Stat3 (Boccaccio et al., 1998) . Based on the many dierent cellular responses that are invoked by HGF/SF-Met signaling the list of signal transducers and adapter proteins that associate with activated Met will likely continue to grow and generate more involved models of HGF/SF-Met signaling transduction. In addition, it is likely that many of these pathways will be important for Met mediated tumorgenicity and tumor cell invasion/metastasis.
